Introduction {#S0001}
============

Migraine, a recurrent headache disorder, is frequently associated with nausea, vomiting, or increased light/sound sensitivity.[@CIT0001] It is not just an episodic disorder, with some migraineurs experiencing headaches very frequently, and 2% of episodic migraine patients transform into chronic migraine patients.[@CIT0002],[@CIT0003] Insufficient acute treatment efficacy is closely related to an increased risk of developing chronic migraine.[@CIT0004] Therefore, the purpose of treatment should be to not only relieve pain and improve patients' ability to function, but also to prevent disease progression to chronic migraine.[@CIT0005] Although pharmacologic treatment is the mainstay of treatment of migraine, many problems, such as medication contraindications, limited response to medications, side effects, and acute medication overuse, are problematic. Non-pharmacological approaches may potentially offer an alternative for migraineurs who hope to avoid the side effects of pharmacological therapies.

It is well known that acupuncture, a non-pharmacological treatment, has been used worldwide for pain relief as one of the complementary treatments. A Cochrane meta-analysis study of acupuncture and migraine prophylaxis indicated that acupuncture has a similar therapeutic effect to that of prophylactic drugs and can be considered a treatment option for patients.[@CIT0006] However, the mechanism of acupuncture treatment's effect on migraine is uncertain and there is a need for further elucidation. Previous studies indicated acupuncture could exert its therapeutic effect via an anti-inflammatory effect.[@CIT0007] Acupuncture could alleviate migraine by decreasing matrix metalloproteinase-2 activity and modulating inflammatory mediators by affecting the CB1 receptor.[@CIT0008] Our previous study found that EA at the GB20 acupoint decreases calcitonin gene-related peptide (CGRP) expression in the trigeminal ganglion (TG) and alleviates electronic stimulation-induced hyperalgesia.[@CIT0009] However, the effect of acupuncture on CGRP-mediated neurogenic inflammation has not been studied.

Meningeal inflammation is thought to be largely responsible for migraine pain, which is the result of multiple neuromodulators and inflammatory factors. CGRP is classified as the most important neuromodulator in this process.[@CIT0010] CGRP not only dilates the intracranial vessels but also mediates neuroinflammation by mediating the release of various neuroinflammatory factors. In the context of inflammation, CGRP released from primary sensory nerve terminals could activate peripheral target cells, such as mast cells, immune cells, and vascular smooth muscle cells, producing pro-inflammatory mediators.[@CIT0011] Previous clinical observations have shown that increased serum levels of related neuromodulators, including interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-α (TNFα), during migraine attacks.[@CIT0012] In parallel, numerous animal studies have shown that exogenous IL-1β, IL-6, and TNFα can sensitize the nociceptors in animal models.[@CIT0012] This idea that migraine is an inflammatory disorder is supported by the efficacy of non-steroidal anti-inflammatory drugs (NSAIDs) in migraine therapy and the increased intracranial levels of inflammatory mediators during migraine attacks.[@CIT0013],[@CIT0014] In addition, persistent inflammation will sensitize meningeal nociceptors, resulting in sensitization.[@CIT0015] Therefore, anti-inflammatory therapy is an important treatment strategy for migraine treatment.

We hypothesized that EA would alleviate hyperalgesia by decreasing neurogenic inflammatory factors in a migraine rat model. To test this hypothesis, a previously used model was used to induce recurrent migraine attack and hyperalgesia.[@CIT0009] We then evaluated mechanical hyperalgesia using an electronic von Frey esthesiometer; analyzed dural immune cells using immunofluorescence; and measured CGRP, cyclooxygenase-2 (COX-2), brain-derived neurotrophic factor (BDNF), IL-1β, IL-6, and TNFα levels in jugular vein blood using an enzyme-linked immunosorbent assay (ELISA) to evaluate the anti-inflammatory effect of acupuncture in a model of migraine. Moreover, we also evaluated the effect of EA at GB20 and GB34 in comparison to EA at GB20 alone.

Materials and Methods {#S0002}
=====================

Animals {#S0002-S2001}
-------

All experimental procedures in this study were performed in accordance with the International Association for the Study of Pain guidelines and Guideline for the Care and Use of Laboratory Animals (State Council of China, 2013). This experiment was approved by the Beijing Institutional Review Board for Animal Experiments (Use Committee of Capital Medical University, Beijing; Approval number: AEEI 2015--075). All surgeries were conducted under anesthesia and every effort was made to minimize animal suffering.

Fifty male, pathogen-free Sprague Dawley rats, weighing 200±10 g, were utilized in this study. Rats were individually maintained in a climate-controlled laboratory environment (room temperature, 21 ± 2°C; humidity, 40--70%) on a 12 hr light/dark cycle with free access to water and food. The rats were acclimated to the new environment for 1 week before undergoing surgery to implant the electrodes required for electrical stimulation.

Group Assignment {#S0002-S2002}
----------------

After an acclimation period of seven days, the 50 animals were randomly divided into the following five groups (n = 10 per group): a control group (C), which received electrode implantation without stimulation; a model group (M), which only received electrical stimulation; a GB20 group (GB20), which received EA at GB20 after electrical stimulation; a GB20/34 group (GB20+GB34), which received EA at GB20 and GB34 after electrical stimulation, and a non-acupuncture point electroacupuncture group (NA), which received EA at a distant non-acupuncture point (approximately 10 mm above the iliac crest) after electrical stimulation.[@CIT0016] The experiment lasted for 7 days after the end of recovery. Electrical stimulation was given to the M, GB20, GB20+GB34, and NA groups with a stimulator (YC-2 stimulator; Chengdu Instrument Factory, Chengdu, China) every other day (on days 1, 3, and 5) over a total of three sessions. The GB20, GB20+GB34, and NA groups received electroacupuncture after electrical stimulation every day from day 1 to day 5, over a total of five sessions. A diagram of the experimental protocol is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Diagram of the experimental protocol.

Establishment of the Rat Model of Conscious Migraine {#S0002-S2003}
----------------------------------------------------

As described in a previous study, a pair of electrode fixtures (Beijing Jiandeer, Beijing, China) were fixed into the cranial holes such that they contacted the dura around the superior sagittal sinus.[@CIT0009] Based on previous studies, dural electrical stimuli (DES) consisting of 0.5-ms monophasic square-wave pulses with a pulse duration of 0.5 ms (1.8--2.0 mA, 20 Hz) were given to the rats in the GB20, GB20+GB34, NA, and M groups for a 15 min period every other day over a total of three sessions.[@CIT0017] During the course of stimulation, it was observed that exploratory behavior decreased and there was a significant increase in freezing-like resting and grooming behavior. These behavioral changes suggest success in the model induction. Rats in the control group were connected to the stimulator without stimulation.

EA {#S0002-S2004}
--

Each rat had their movement restricted by a modified tubular textile, which is equivalent to the size of a rat, without causing pain and suffering. The human GB20 is located "in the anterior region of the neck, inferior to the occipital bone, in the depression between the origins of the sternocleidomastoid and trapezius muscles" and GB34 is located "on the fibular aspect of the leg, in the depression anterior and distal to the head of the fibula."[@CIT0018] The location of GB20 in rats is defined as 3 mm lateral to the midpoint of a line joining the two ears at the back of the head according to a previous study.[@CIT0019] GB34 is located in the depression anterior and distal to the head of the fibula of the rat. For rats in the GB20 group, two stainless steel acupuncture needles (diameter, 0.25 mm; length, 25 mm; Suzhou Medical Appliance Factory, Suzhou, China) were inserted at GB20 bilaterally to a depth of 2--3 mm in the direction of the opposite eye ([Figure 2A](#F0002){ref-type="fig"}). The needle handle was then connected to an electrical stimulator (Han's acupuncture point nerve stimulator HNAS-200E; Nanjing, China) for 15 mins/day. For rats in the GB20+GB34 group, EA was given with a connection to GB20 and GB34 bilaterally ([Figure 2B](#F0002){ref-type="fig"}). The EA stimulator was set at a frequency of 2/15 Hz (amplitude-modulated wave) and an intensity of 0.5--1.0 mA without causing the rat to struggle.[@CIT0017] For rats in the NA group, needles were inserted bilaterally at distant non-acupuncture points (approximately 10 mm above the iliac crest) to a depth of 2--3 mm and EA was performed using the same parameters as those in the EA group. Animals in the control and model groups were similarly placed into fixtures for 20 mins, but no acupuncture was performed.Figure 2Diagram of the acupuncture points used in the GB20 group (**A**) and GB20/34 (**B**) group in a rat.

Mechanical Threshold {#S0002-S2005}
--------------------

A mechanical threshold test was performed as in our previous study.[@CIT0009] An electronic von-Frey anesthesiameter (Model 2390, IITC Life Science, Woodland Hills, CA, USA) was employed to evaluate withdrawal thresholds of the face and hind paw after EA. The von Frey anesthesiameter probe was applied vertically to the skin of the face or hind paw until the occurrence of an escape movement and we recorded the values on the screen. All measurements were made by the same operator and repeated three times at five-minute intervals for each test.

Jugular Vein Blood Sampling {#S0002-S2006}
---------------------------

After anesthesia induction, the neck skin of the rat was prepared using pet hair clippers and a transverse incision was made using a scalpel. The jugular vein was exposed at the angle between the clavicle and sternocleidomastoid muscle. Blood samples were collected using a 2.5-mL syringe. The blood sample was transferred to a blood collection tube with an anticoagulant and aprotinin. These blood samples were centrifuged at 3000 rpm and 4°C for 20 mins. The serum was then transferred to a sterile container and stored at −80 ° C waiting for further tests.

Harvesting Dura Mater {#S0002-S2007}
---------------------

After anesthesia, the animals were sacrificed, perfused intracardially with 37°C normal saline followed by cold 4% paraformaldehyde in PBS. A piece of the dura around the superior sagittal sinus was removed. The dura mater was then cut into smaller pieces (0.5--1 cm) and processed as wholemount preparations on glass slides. Immediately after perfusion-fixation, the specimens were further fixed in paraformaldehyde for 1 to 3 hrs and washed in PBS pH 7.2 containing 0.3% Triton X-100 (PBST) prior to immunohistochemistry.

Immunohistochemistry {#S0002-S2008}
--------------------

Rat dura mater whole mounts were washed for 10 mins in PBST. Non-specific binding of the primary antibodies was blocked by incubating in 0.1 MPBS containing 5% bovine serum albumin and 0.3% Triton-X. After blocking, the dura was incubated for 72 h at 4°C with a primary antibody against a given mast cell antibody (Anti-Mast Cell Tryptase, ab2378, Abcam, 1:200) or macrophage cell antibody (CD163 Monoclonal Antibody (ED2), MA5-166561:200). After incubation with primary antibodies, specimens were washed with PBST for 10 mins. The dura was then incubated in PBST containing secondary antibody (Cy3-labeled Goat Anti-Mouse IgG (H+L), A0521, 1:500, Alexa Fluor 555-labeled Donkey Anti-Mouse IgG (H+L), A0460, 1:500). The specimens were subsequently washed with PBST for 10 mins and mounted with an antifading mounting medium containing nuclei-staining DAPI.

Microscopic Analysis {#S0002-S2009}
--------------------

Specimens were examined, and images were obtained using an epifluorescence microscope. These images were captured using a Leica semiautomatic light microscope (Leica DM5500B). For the analysis of immunofluorescence (IF) results, images at 40× magnification of the dura mater were randomly selected using a microscope. The average integrated density of images was recorded as the result. Image analyses were conducted using Image J 1.52a.

ELISA {#S0002-S2010}
-----

We measured serum CGRP (CSB-E08211r, CUSABIO TECHNOLOGY LLC, Houston, Texas.), IL-1β (RLB00, R&D, Minnesota, USA), IL-6 (R6000B, R&D, Minnesota, USA), TNFα (RTA00, R&D), COX-2 (CSB-E13399r, CUSABIO TECHNOLOGY LLC), and BDNF (DBNT00, R&D) levels using ELISA according to the method recommended by the kit manufacturer.

Statistical Analysis {#S0002-S2011}
--------------------

Data are shown as the mean ± SD. Withdrawal thresholds were analyzed using repeated measures analysis of variance (ANOVA). When the interaction between the intervention and time resulted in a P-value less than 0.05, the data were analyzed using a one-way ANOVA. All other data were analyzed using one‐way ANOVA using SPSS v18.0 software (SPSS, Chicago, IL, USA). Post-hoc testing was performed using a Bonferroni (homogeneity of variance) or Tamhane (heterogeneity of variance) test. Differences with P-values less than 0.05 were considered significant.

Results {#S0003}
=======

EA Alleviated Hyperalgesia After Dural Stimulation ([Figure 3](#F0003){ref-type="fig"}) {#S0003-S2001}
---------------------------------------------------------------------------------------

The results of the facial withdrawal threshold testing did not meet Mauchly's test of Sphericity (*P*=0.035). Tests of within-subjects effects revealed an interaction between Group and Time (*P*\<0.001). The data were normally distributed and analyzed using a one-way ANOVA. For the facial withdrawal threshold ([Figure 3A](#F0003){ref-type="fig"}), we did not observe any significant differences at baseline between the five groups (D0: *P*\>0.05). After DES, the facial withdrawal threshold of the model group had significantly decreased (D1: *P*\<0.001; D3: *P*\<0.001; D5: *P*\<0.001). When compared with the model group, the GB20 and GB20/34 group had a significantly higher withdrawal threshold (D1: vs GB20 *P*\<0.001, vs GB20/34 *P*\<0.001; D3: vs GB20 *P*\<0.001, vs GB20/34 *P*\<0.001; D5: vs GB20 *P*\<0.001, vs GB20/34 *P*\<0.001). The facial withdrawal threshold in the NA group did not differ significantly from that in the model group (D1/D3/D5: *P\>*0.05). The GB20+GB34 group withdrawal threshold was significantly higher than that of the GB20 group (D3: *P*=0.019; *D5: P*=0.048).Figure 3Electroacupuncture (EA) treatment alleviated impairments in the mechanical withdrawal thresholds of the face (**A**) and hind-paw (**B**) in rats subjected to dural electrical stimulation. Data are presented as the mean ± standard deviation, n=10/group; Model group vs Control group (\*\**P*\<0.01, \*\*\* *P*\<0.001), GB20, GB20/34 group vs Model group (\#*P*\<0.05, \#\# *P*\<0.01), GB20 group vs GB20/34 group(\^*P*\<0.05).

The results of hind paw withdrawal threshold testing met Mauchly's test of Sphericity (*P*=0.431). Tests of within-subjects effects revealed an interaction between Group and Time (*P*\<0.001). The data were normally distributed and analyzed using a one-way ANOVA. Regarding the hind paw withdrawal threshold ([Figure 3B](#F0003){ref-type="fig"}), no significant difference was observed at baseline between the five groups (D0: *P*\>0.05). However, after dural electrical stimulation, the hind paw withdrawal threshold was significantly lower in the Model group than in the Control group (D1: *P*=0.004, D3/D5: *P*\<0.001). The hind paw withdrawal threshold was significantly higher in the GB20 and GB20+GB34 groups than in the model group, suggesting that EA attenuated the decrease in withdrawal threshold induced by dural electrical stimulation (D1: *P*\>0.05; D3: vs GB20: *P*=0.006, vs GB20/34: *P*\<0.001; D5: vs GB20: *P*=0.002, vs GB20/34: *P*\<0.001). The hind paw withdrawal thresholds in the NA and model groups did not differ significantly (D1/D3/D5: *P*\>0.05). The GB20/34 group withdrawal threshold was significantly higher than that in the GB20 group (D3: *P=0.046*; D5: *P*=0.03).

EA Alleviated Immunohistochemistry of Mast Cell and Macrophage ([Figure 4](#F0004){ref-type="fig"}, [5](#F0005){ref-type="fig"}) {#S0003-S2002}
--------------------------------------------------------------------------------------------------------------------------------

To observe dural mast cells ([Figure 4](#F0004){ref-type="fig"}) and macrophages after dural stimulation ([Figure 5](#F0005){ref-type="fig"}), we analyzed immunofluorescence for tryptase and CD163 to measure mast cell and macrophage levels, respectively. The number of cells significantly increased after stimulation compared with that in the Control group (mast cells: *P*=0.014 \[[Figure 4](#F0004){ref-type="fig"}\] and macrophages: *P*\<0.001). EA significantly decreased the number of cells (mast cells: vs GB20: *P*\<0.001, vs GB20/34: *P*=0.029 \[[Figure 4](#F0004){ref-type="fig"}\] and macrophages vs GB20: *P*=0.052, vs GB20/34, *P*=0.004 \[[Figure 5](#F0005){ref-type="fig"}\]). However, we observed no significant difference between the GB20/34 and GB20 groups (mast cells: *P*\>0.05; macrophages: *P*\>0.05).Figure 4Electroacupuncture (EA) treatment decreased the number of dural mast cells. Scale bar = 50 μm. Model group vs Control group (\**P*\<0.05), GB20, GB20/34 group vs Model group (\#\#*P*\<0.01).Figure 5Electroacupuncture (EA) treatment decreased the number of dural macrophages. Scale bar = 50 μm. Model group vs Control group (\*\*\**P*\<0.001), GB20, GB20/34 group vs Model group (\#\#*P*\<0.01).

EA Reduced the Serum Concentration of IL-1β, IL-6, TNF-α, and COX-2 ([Figure 6](#F0006){ref-type="fig"}) {#S0003-S2003}
--------------------------------------------------------------------------------------------------------

Dural stimulation significantly increased serum IL-1β, IL-6, TNF-α, and COX-2 levels compared with those in the control group (IL-1β: *P*\<0.001; IL-6: *P*\<0.001; TNF-α: *P*\<0.001; COX-2: *P*\<0.001). EA significantly decreased the serum levels of IL-1β, IL-6, TNF-α, and COX-2 (IL-1β: GB20: *P*\<0.001, GB20/34: *P*\<0.001; IL-6: GB20: *P*\<0.001, GB/34: *P*\<0.001; TNF-α: GB20: *P*=0.023, GB20/34: *P*\<0.001; COX-2: *P*\<0.001, GB20/34: *P*\<0.001). Moreover, the plasma levels of IL-1β, IL-6, TNF-α, and COX-2 in the GB20+GB34 group were significantly lower than those in the GB20 group (IL-1β: *P*=0.034; IL-6: *P*=0.006; TNF-α: *P*=0.045; COX-2: *P*\>0.05).Figure 6Electroacupuncture (EA) decreased serum levels of neuropeptide and inflammatory factors. Model group vs Control group (\*\*\**P*\<0.001), GB20, GB20/34 group vs Model group (\#*P*\<0.05, \#\#*P*\<0.01, \#\#\#P\<0.001), GB20 group vs GB20/34 group (\^*P*\<0.05).

EA Alleviated Changes in CGRP and BDNF Serum Concentration ([Figure 6](#F0006){ref-type="fig"}) {#S0003-S2004}
-----------------------------------------------------------------------------------------------

DES significantly increased serum CGRP and BDNF levels as compared to those in the control group (CGRP, P\<0.001; BDNF, P\<0.001). EA at GB20 or GB20/34 treatment significantly decreased serum CGRP and BDNF levels (CGRP: vs GB20: *P*=0.026, vs GB20+GB34: *P*=0.004; BDNF: vs GB20: *P*=0.001, vs GB20+GB34: *P*\<0.001). CGRP levels of the GB20/34 group were lower than those of the GB20 group. However, no significant difference was observed between the GB20 and GB20/34 groups with respect to CGRP and BDNF levels (CGRP: *P*\>0.05; BDNF: *P*\>0.05).

Discussion {#S0004}
==========

In this study, we evaluated hyperalgesia; dural mast cells and macrophages; and the serum levels of CGRP, IL-1β, IL-6, TNFα, COX-2, and BDNF. The current findings show that EA alleviates hyperalgesia in a recurrent migraine model and reduces CGRP, IL-1β, IL-6, COX-2, TNFα, and BDNF levels in the jugular vein blood of this rat model of migraine. Furthermore, this study explored the effect of acupuncture on mast cells and macrophages in the dura mater in a model of migraine headache.

In the present study, we chose common acupuncture points based on the clinical treatment of migraine. Acupuncture is based on the theory of meridians. According to traditional acupuncture theory, dysfunction of the Gallbladder Meridian is the basic pathophysiology underlying migraine. Therefore, acupuncture points in this meridian, especially GB20 and GB34, are utilized most frequently in the clinical treatment for migraine. In clinical practice, combination acupuncture points are used because operators expect to obtain synergistic effects with different acupuncture points. GB20 is close to the region where migraine headache occurs, exerting a therapeutic effect from an adjacent region, while GB34 exerts distant effects because it is distant from the headache site.[@CIT0018] From the perspective of traditional acupuncture theory, the synergistic effect is caused by the enhancement of communication, which normalizes dysfunction of the Gallbladder Meridian. In the present study, we observed that combined GB20+GB34 acupuncture was superior to GB20 acupuncture alone in alleviating hyperalgesia. The results revealed that acupuncture in the GB20+GB34 group produced a superior therapeutic effect compared to GB20 alone in modulating serum neuroinflammatory factors. Generally, GB20 is chosen as the main acupuncture point and GB34 is used to strengthen the effect of GB20. Our previous research also found that the EA at GB20 is better than at GB34 when used alone.[@CIT0020] Therefore, we did not use GB34 alone in this study.

We observed DES-induced hyperalgesia in the face and hind paw, which mimics cephalic and extracephalic mechanical allodynia, a common feature of migraine attacks, which reflects the sensitization of secondary and higher neurons of the trigeminovascular system under non-noxious stimuli. Functional magnetic resonance imaging shows activation of the trigeminal ganglion, spinal trigeminal nucleus, and thalamus during the course of cutaneous allodynia after migraine.[@CIT0021] As in our previous study, we observed that acupuncture at GB20 has an anti-hyperalgesia effect. In the present study, we observed enhancement of efficacy when GB20 was used in combination with a distant acupuncture site, GB34. Yu and colleagues found an EA-induced negative feedback inhibitory activity of convergent neurons after visceral nociceptive stimulation.[@CIT0022] Therefore, we speculate that acupuncture at GB20 combined with GB34 may strengthen the EA-induced negative feedback against DES-induced nociceptive signals. We then tested inflammatory factors in peripheral blood finding that related neurogenic inflammatory responses were also inhibited.

Electrical stimulation of the dura mater is regarded as a good method to activate and sensitize the trigeminovascular system.[@CIT0023] The innervation of the dura mater is primarily via the ophthalmic branch of the trigeminal nerve. Stimulation of the dura mater causes elevated plasma neuroinflammatory factors, which indicates the existence of an inflammatory state.[@CIT0024] The emergence of inflammation is the result of interactions between immune cells, meningeal afferents, and the dural vasculature. Neuropeptides released from sensory nerve endings contribute to vasodilation, plasma protein extravasation (PPE), and activation of immune cell traffic.[@CIT0025]

We evaluated dural mast cells and macrophages, which play a critical role in the generation of dural inflammation. Dural mast cell activation and degranulation can lead to the release of powerful pro-inflammatory mediators. These inflammatory molecules further activate and sensitize meningeal nociceptors to facilitate migraine attacks.[@CIT0026],[@CIT0027] Macrophages, which are derived from peripheral blood monocytes, can produce various cytokines and growth factors to modulate inflammation.[@CIT0028] Neuropeptides from nerve terminals and inflammatory factors released from these immune cells were evaluated in jugular vein blood.[@CIT0012] Dural macrophages line blood vessels and connective tissues, responding to inflammatory stimuli immediately.[@CIT0029] A previous study found that cortical spreading depression-induced activation of pial and dural macrophages is more likely to increase inflammation in which meningeal nociceptors function.[@CIT0029] In this study, we observed that EA significantly decreased the number of immune cells. Therefore, we detected a reduction in neuropeptides and inflammatory factors using ELISA.

The TG is the main source of CGRP in the jugular vein blood, which is released from the peripheral terminals of trigeminal neurons. Our previous study indicated that electrical stimulation increased CGRP expression in the TG. In the peripheral trigeminovascular system, release of CGRP is involved in the activation of meningeal nociceptors and in the formation of inflammation by dilating intracranial arteries, triggering the release of pro-inflammatory substances from mast cells, immune cells, and endothelial cells.[@CIT0011],[@CIT0024],[@CIT0030] A state of neurogenic inflammation alters the microenvironment of meningeal nociceptors, which results in the sensitization and activation of trigeminal meningeal nociceptors.[@CIT0010],[@CIT0013] In this study, we observed hyperalgesia in a rat migraine model induced after electronic stimulation. At the same time, we found an increase in serum neuroinflammatory factors, including IL-1β, TNFα, and IL-6. After GB20 or GB20/34 treatment, the normalization of CGRP, IL-1β, TNFα, and IL-6 corresponded with behavioral improvement.

IL-1β, IL-6, and TNFα are the main inflammatory factors that are increased during migraine attacks. These cytokines were observed in the internal jugular blood of migraine patients without aura during the first 2 hrs after attack onset.[@CIT0012] These mediators are released primarily by resident and infiltrating immune cells, contributing to the activation and sensitization of nociceptors.[@CIT0031],[@CIT0032] IL-1β and IL-6 are considered possible pain mediators in neurogenic inflammation and, therefore, they may cause the generation of migraine pain and sensitization of nociceptors.[@CIT0031] A previous in vivo study suggested that IL-1β can promote powerful activation and mechanical sensitization of meningeal nociceptors and direct application of IL-6 to the dura produced a dose-dependent facial and hind-paw allodynia.[@CIT0013],[@CIT0033] Another study demonstrated that local administration of TNF-α promoted an increase in the responses of meningeal nociceptors to mechanical stimulation of their dural receptive field and neuronal discharges.[@CIT0034] In in vitro studies, it has been observed that TNF-α can promote the expression of CGRP and BDNF in trigeminal neurons.[@CIT0035],[@CIT0036] In this study, we observed increased IL-1β, IL-6, and TNF-α levels in the jugular vein blood, reflecting the inflammatory state of the intracranial circulation. EA significantly decreased the serum levels of IL-1β, IL-6, and TNF-α, which is consistent with hyperalgesia.

In addition to inflammatory factors, we measured the level of COX-2. COX-2 is an inducible enzyme that is expressed at sites of inflammation and is responsible for the formation of inflammatory mediators called prostaglandins.[@CIT0037] A previous clinical trial reported that the serum level of COX-2 is significantly increased during migraine attacks.[@CIT0038] It is a drug target for migraine treatment because COX-2 inhibitors could abort migraine attacks and delay the process of sensitization.[@CIT0037] In this study, we found that serum levels of COX-2 increased after dural stimulation. A previous labeling study revealed COX-2 expression in dural macrophages and dural axons. The co-localization of COX-2 and CGRP is observed in some dural nerve fibers, which suggests that COX-2 may be related to the function of CGRP.[@CIT0039] It has been shown that CGRP release is mediated by a COX-2-dependent pathway and COX-2 expression in trigeminal ganglion cells could contribute to the development of pain in trigeminally mediated headaches.[@CIT0040],[@CIT0041] The attenuation of CGRP release by COX-2 inhibition could at least in part explain the mechanism of COX inhibitors as migraine therapy.[@CIT0037] In this study, we observed the effect of EA in reducing the plasma COX-2 level.

Episodic migraine tends to develop into chronic migraine, which may involve cytokine-mediated neural plasticity and nociceptor sensitization. Therefore, we tested serum BDNF, which is increased during a migraine attack and inversely related to headache intensity.[@CIT0042],[@CIT0043] BDNF is an important neurotrophic factor involved in the chronic transformation of pain in a variety of diseases.[@CIT0044] A recent study demonstrated that primary afferent-derived BDNF is involved in the transition from acute to chronic pain.[@CIT0045] It acts as a pain modulator at both the peripheral and central level and is involved in modulating the activation of glutamatergic, N-methyl-d-aspartate (NMDA) receptors.[@CIT0015] Therefore, BDNF is important in the development of central sensitization.[@CIT0046] It has been demonstrated that CGRP is co-expressed with BDNF in trigeminal ganglion neurons in rats.[@CIT0047] Previous studies demonstrated that CGRP promotes the release of BDNF from trigeminal neurons and this may be one downstream mechanism by which administration of CGRP triggers migraine.[@CIT0015] Like with CGRP, we observed the serum level of BDNF significantly increased after DES. EA reduced the BDNF levels in the jugular vein blood.

Given the vital role of the dura mater in migraine pathophysiology, two animal studies have examined dura mater involvement in the acupuncture treatment for migraine.[@CIT0008],[@CIT0020] Zhang and colleagues found that the upregulated CB1 receptor is involved in the inhibition of dura mater PPE production by EA.[@CIT0008] Xu's study focused on the effect of EA at GB20/34 on dural and serum vasoactive neurotrophic factors, including substance P, vasoactive intestinal peptide, neuropeptide Y, pituitary adenylate cyclase-activating polypeptide, nitric oxide, and endothelin-1.[@CIT0020] This study concentrated on the role of dural mast cells and macrophages, serum inflammatory factors, and nerve growth factor in the positive effects of EA on migraine rats. Moreover, similar to the previous study, we observed that the use of a combination of acupuncture points is more effective than the use of a single point. In further studies, we will verify more acupoint combinations through experiments and clinical observation.

Conclusion {#S0005}
==========

In the present study, we observed electroacupuncture treatment ameliorates hyperalgesia by decreasing plasma levels of IL-1β, COX-2, IL-6, and TNFα. We also observed the synergistic effect of GB20 and GB34 in alleviating hypersensitization and modulating plasma neuroinflammatory factors. However, further research is required on the mechanism of acupoint combinations.
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